Electrolyte balances were measured in foutr edematous (ardliae patients receivin..g cation exchaitge resin. It was found that such theralp would increase the fecal loss of sodium anl, in some of the cases, would result in the loss of edema which had been refractory to otlher forms of therapy. In these cases the maian route of sodium excretion was through the kidneys awlnd not through the intestinal tract. The resin ttppeared to potentiate the renal t(ctioni of simutltaneouisl-adlministered mercurial diureties.
I N 1946 Dock' first suggested the uise of cation exchange resins for the removal of sodium from the ititestinal tra( t of patients with edema. Since then a series of investigatorS2-9 have demonstrated that such substances wvill indeed increase the fecal excretion of sodium, and so mav be useful in the treatment of edema associated with retention of sodium. On the basis of these studies at least three preparations of cation exchange resi,,* have been placed on the market by pharmaceutical manufacturers. However, relatively little information as yet is available in the medical literature for the practicing physician, concerning the mode of action, the indications, the contraindications, and the long term results of this therapeutic agent. It is the purpose of these two papers, therefore, Laboratory facilities aind personiel were alided by grants fromi the National Heart Institute, U. S. Resodec, Smith Kline and French Co.; Natrinil, National Drug Co.; Carbo-Resin, Eli Lilly Co. 747 to present, in the first, detailed data on the electrolyte exchanges which take place during the initial periods of treatment of edematous cardiacs with resin and, in the second, the cliniical results and chemical complications in a large series of patients in whom resin has been an adjunct to therapy over prolonged periods of time.
THEORY OF ACTION Cation exchange resins are extremely stable and insoluble high unit weight polymers. Those used in medicine are usually the phenol-formaldehyde, phenol-methylene or polystyrene types. Their molecular structure resembles that of a crystal lattice due to cross linkages consisting of either phenyl or methyl groups."' Attached to this framework are the reactive substituenits such as carboxylic or sulfonic groups. The capacity of the resin, or the quantity of ions with which it will exchange, is ultimately tletermined by the number of cross linkages and the number of reactive substituents per unit wreight of resin."
When a resin is placed in a solvent, it tends to swell much the same as does dry gelatin. This facilitates diffusion of the ions to be exchanged throughout the molecular structure of the resin. The reactive substituents behave chemically as if they were a solution of weak acids, the pH of the solvent in which the exchange is taking place determines the extent of their ionizationi. Therefore, the resiti (all only CATION E'XCHANGEI' RESIN IN CONGESTIVE HEART FAILURE, saturate its capacity at a pH which permits maximal dissociation of the reactive substituents. In addition, the rate of the reaction depends upon the concentration of the reacting ions. Particle size and adequate mixing are likewise important factors in determining the rate of the reactions as they determine the amount of surface area to be exposed for reaction.
Amberlite IRC-50 is a carboxylic resin and behaves chemically as a weak acid. It is said to have an in vitro capacity, under optimal conditions, of 10 mEq. of base per gram of resin. Maximum capacity for this resin obtains at a pH of 10 to 11. The range of variation of pH in the gut is unknown but it probably averages slightly on the alkaline side of a pH of 7. At pH 7 this resin has a capacity of 6.2 mEq. base per gram, rapidly dropping to 3.5 mEq. at pH 6).12 The time interval required for saturation at this pH is long and therefore the resin perhaps takes up only 2 to 3 mEq. per gram in the few hours it remains in the bowel.'2 Sulfonic resins function as stronger acids and have a more rapid rate of exchange than the carboxylic resins. The optimum pH is 3.
The affinity the resin manifests toward various ions is peculiar to the resin being considered. However, generally speaking, it may be said that cationic exchange resins have a greater affinity for divalent ions, calcium and magnesium, than monovalent ions, sodium and potassium, and the affinity for potassium is greater than that for sodium. Carboxylic resins have a greater affinity for calcium and magnesium than do sulfonic resins.
Little is known about the variations in the total base concentration throughout the gut. Even less is kuowvi regarding the individual concentrations of the various cations comprising the total base. It would appear that the concentration of sodium is high enough to more than compensate for the greater affinity of the resin for potassium. The amount of sodium excreted in the feces is often equal to or greater than that of potassium. The amounts of these ions excreted in the stool pe unit time are extremely variable. This variability may be accounted for to some extent by incomplete passage of a 24-hour stool. MuIuch remains to be done in order to ascertain what environmental factors within the gut lumen are most favorable to ion exchange. The precise limits of the exchange capacity of a resin inl vivo have yet to be determined. Such limits are probably (letermined by a variety of factors such as the amount of resin ingested, and its rate of movement through the gastrointestinal tract, variations in pH throughout the course of the bowel lumen, and the amount of sodium in the diet and the rate of exchanges of sodium across the intestinal mucosa.
Both cationic and anionic exchange resills are now in use in medicine. Amberlite IRC-50, a carboxylic resin, or one of its modifications, is the most commonly used (single) resin for cation exchange. It has been given to patients in either the hydrogen cycle or the ammonium cycle. The ammonium cycle resin partially converted to the potassium cycle has also been given. The rationale for giving such a preparation is based on the observation that at the pH of the gastric content the resin will be completely converted to the hydrogen cycle. This reaction frees the potassium for absorption into the systemic circulation and thereby helps to compensate for the potassium taken tip lower down in the gut.
The ammonium ion released from the resin is absorbed into the enterohepatic circulation and converted to urea by the liver. This reaction produces an acidifying effect similar to that produced by giving ammonium chloride. The base, including sodium, fixed to the insoluble portion of the resin at the higher pH of the small intestine, is excreted in the feces. Thus the amount of sodium absorbed is reduced, tending to produce a negative sodium balance.
Given a negative sodium balance induced by resin, the net effect on the body fluids of the patient will depend in addition upon the associated rates of excretion of water and electrolytes by the kidney. Removal of cation, or base, from the body should result in the renal excretion of water. The tendency to a disturbance in the acid-base equilibrium by the preferential removal of cations, is ouniiteirbalanced in the normal kidney by the excretion of a more acid rilne containing illcreased amounts of chloi'ide and ammonia. In patients withl (is-. sodium, 1)otassium, and nitrogen, in three of the patients; in one patient, the excreta were analyzed but the intake was only applroximated. Sodium and potassium in serum and urine were determined by means of a Barclay internal standard flame photometer,13 chloride in serum and urine by the methods of Eisenman14 and Harvey,li respectively. Total (arbl)n dioxide content was measured in serum Representative aliquots of diet and whole stool specimens were digested with concentrated nitric acid and the diluted filtrate poured through the flame photometer for the determination of sodium and potassium. Balances were averaged for three-or two-day periods to eliminate from the results as far as possible the factor of variation in the daily rate of excretion of feces. The two-day periods were necessary in one of the patients, T. M., because of a colostomy irrigation every second day.
RESULTS
The results are presented in figs. 1, 2) . In those patients in whom exact balances W-ere measured, the fecal loss of potassium did not exceed the total in-take of dietary potassium or of the ion administered as a salt (acetate) or in the resin (Resodec), that is, the potassium balance did not become negative.
Effect on Serum Electrolyte Concentrations. The concentration of sodium in serum was already below normal limits in two patients and fell to slightly lower levels on resin therapy (G. B., T. M.). In one of these patients, T. M., the serum sodium concentration had returned to the upper limits of normal when the patient was studied again after 288 days of resin therapy ( fig. 2 ). In the other two patients the serum concentration of sodium did not fall below the normal range. The serum concentration of potassium was likewise below the normal range in two of the patients before resin therapy was initiated, and in one of these, G. B., the serum potassium fell still further despite the administration of extra potassium acetate and a positive balance of the ion ( fig. 1) . In patient T. M., the only patient who was treated with ammonium resin without potassium in the resin or supplementing the diet, the serum potassium level fell below the normal range; at the end of 290 days of treatment with ammonium plus potassium resin most of the time, the serum concentration was again normal (fig. 2 ). The total carbon dioxide content of serum fell below the lower limit of normal (26 mM. per liter) in two of the four patients on resin ( fig. 2) , and the chloride concentration rose.
Fecal Excretion of Sodiurm and Potassium. In all but four periods, sodium in the stools exceeded potassium when the ammonium resin was given, the average daily fecal excretion of sodium being between 28 and 156 mEq. (fig. 4 ). This range of fecal excretion of sodium represents 0.56 to 3.12 mEq. per gram of resin administered. When ammonium plus potassium resin was given less sodium was lost: 4 to 37 mEq. per day (fig. 4) 4 . Relationship of sodium to potassium in the stools during resin therapy. Sodium usually excee(ls potassium in stools from patients receiving ammonium resin. The converse is true in those receiving the ammonium plus potassium resin. However, in the majority of periods during which the latter form of the resin was administered, the fecal excretion of potassium did not exceed the dlaily intake in the resin of 60 mEq. (arrow on abscissa).
gram of resin administered. On this combined form of resin the potassium in the stool exceeded the sodium. In only two periods, however, did the average daily fecal excretion of potassium exceed the amount administered with the resin (60 mEq.). when ammonium chloride was given with mercurials. This was true (lespite the fact that the serum carboni dioxide content was at its lowest level after the resin rather thani after the ammonium chlori(le. While these studies are not extensive enough to be definitive oni this point, they do suggest that other factors elnter into the interactions of these two therapeutic agents.
Discussiox-
SUMMARY AND CONCLUSIONS Electrolyte exchanges were studied in four patients with edema due to congestive heart failure during the administration of cation ex-(chalige resin, with the following results:
1. The fecal excretion of sodium and potassium was increased.
2. The pure ammonium resin removed more sodium thaii the ammonium plus potassium resin.
3. In most periods, the excess of sodium over chloride in the stools was more than equalled by the excess of chloride over sodium in the urine. 4 . Except in the patlienit with the irrigated colostomy, the fecal excretion of sodium did not greatly exceed the dietary intake of the ion. 5 . In two of the four patients who were previously refractory to treatmeiit, most or all of their edema, was eliminated.
6. The major portioni of sodium lost ini these 75'2 two patients was excreted through the kidneys with the concomitant administration of mercurial diuretics. It is concluded that carboxylic cation exchange resin, given to patients with congestive heart failure, (1) will prevent the absorption of some sodium from the intestinal tract and so promote a negative balance of the ion, and (2) may be a useful adjunct in the treatment of refractory cases by potentiating or initiating the action on the kidneys of mercurial diuretics. The mechanisms and conditions for such potentiation are at present unknown.
